BENCHMARKS
Random amplified polymorphic DNA (RAPD) is widely used with whole cell DNA to determine genetic diversity among plants. The method is also useful when applied specifically to mitochondrial DNA (mtDNA) for plant genotyping and for characterization of organelle-associated changes such as cytoplasmic male sterility (CMS; References 1-3). Some have found that mitochondrial-specific RAPD is more sensitive than mitochondrial restriction fragment length polymorphism (RFLP) (1) . However, its general use is limited because of the difficulty in obtaining mtDNA that is free of contaminating nuclear DNA without using laborious gradient ultracentrifugation procedures or large amounts of the DNase I enzyme (Sigma, St. Louis, MO, USA) (4). Here we demonstrate a simple and inexpensive mtDNA isolation procedure from flower tissue that results in highly reproducible mitochondrial-specific RAPD profiles without nuclear DNA artifacts. The method combines a differential centrifugation protocol (5) with a DNase I treatment that is optimized by assessing the amount of nuclear DNA contamination by PCR.
For each isolation, we homogenized 5 g of tomato flower tissue, collected without the sepals and stored at -80°C, in high ionic-strength buffer [50 mM Tris-HCl, pH 8.0, 1.3 M NaCl, 25 mM EDTA, 0.2% bovine serum albumin (BSA), and 0.05% cysteine and 56 mM β-mercaptoethanol added before use; 5 mL/g tissue] and centrifuged it three times as previously described (2600× g for 15 min; 2600× g for 10 min; and finally, 14,500× g for 15 min to pellet the mitochondria; Reference 5). To eliminate nuclear DNA, the mitochondrial pellet was resuspended in 980 μL of cold DNase I buffer (50 mM Tris-HCl, pH 7.5, and 10 mM MgCl 2 ) and transferred to a 1.5-mL microcentrifuge tube (Fisherbrand ® ; Fisher Scientific, Pittsburgh, PA, USA). Then, 20 μL of 1 mg/mL DNase I in a buffer containing 50% glycerol, 10 mM Tris-HCl, pH 7.5, 50 mM NaCl, 10 mM MgCl 2 , and 1 mM 1,4 dithiothreitol were added, and the tube was incubated at 37°C for 1 h. The reaction was stopped with the addition of 50 μL of 0.5 M EDTA, 5.25 mg/mL sodium dodecyl sulfate (SDS), and 0.1 volume of 1 M Tris-HCl, pH 8.0. The mtDNA was then extracted with phenol/chloroform/isoamyl alcohol (25:24:1), pH 6.7 (Fisher Chemicals, Fairlawn, NJ, USA), and water-saturated chloroform. The supernatant was precipitated at -20°C with 0.3 M NH 4 acetate and 2 volumes of cold 100% ethanol overnight. The DNA was pelleted by centrifugation at 16,000× g for 30 min and resuspended in 50 μL of TE (Tris-EDTA) buffer. RNA was removed from the samples with 2.5 μg DNase-free RNase A (Roche Applied Science, Indianapolis, IN, USA), according to the manufacturer's instructions, and the mtDNA was again phenol/chloroform extracted and precipitated.
We analyzed the samples through amplification of portions of the highly conserved nuclear 25S rRNA and the mitochondrial rps12 genes. This entailed two separate 25 μL PCRs with 0.1 μg mtDNA, 10× PCR Buffer (Roche Applied Science), 160 μM each of four dNTPs, 0.5 U Taq DNA polymerase (Amersham Biosciences, Piscataway, NJ, USA), and 1 mM each of genespecific primers ( Figure 1A) , derived from the Lycopersicon esculentum 25S rRNA (6) BENCHMARKS der a UV light in a ChemiImager™ (Alpha Innotech, San Leandro, CA, USA). The 922-bp PCR product from the 25S rRNA gene indicated the presence of nuclear DNA, while the 334-bp product from the rps12 gene confirmed the presence of mtDNA ( Figure  1A ). Nuclear DNA contamination was detected in the preparation produced using a previously described protocol (5) , while the applied DNase I treatment resulted in purified Lycopersicon peruvianum mtDNA samples. This DNase I treatment can be adjusted as needed for the different plant species until the nuclear DNA amplification is undetectable. For the mtDNA degradation assessment, we analyzed samples (1-5 μg) on 0.8% (w/v) agarose, electrophoresis-grade (ICN Biomedicals). The presence of high molecular weight DNA (above 10,000 bp) confirmed the mtDNA was not degraded by DNase I and was suitable for PCR amplification ( Figure 1B) . The mtD-NA yields (2.5-11.5 μg/g tissue) were consistently higher than those previously reported (5) .
We performed mitochondriaspecific RAPD analysis with mtDNA from tomato species and CMS plants (8) using 500 nM 10-mer primers (Operon Technologies, Alameda, CA, USA). The amplification was done with PuReTaq Ready-To-Go™ PCR Beads (Amersham Biosciences) with 0.4 μg of mtDNA template for 2 min at 94°C and 40 cycles of 2 min at 94°C, 2 min at 42°C, 1 min and 30 s at 72°C, and a final extension of 15 min at 72°C. The products were separated in a 2% (w/v) OmniPur ® Agarose PCR Plus Gel (EMD Chemicals, Gibbstown, NJ, USA) in 1× TBE buffer at 50 V for 8 h and visualized as above. The mitochondria-specific RAPD profiles of L. peruvianum demonstrated that several bands produced in the lanes containing whole cell DNA and mtDNA from the original procedure were not detectable in the lane with our preparation (Figure 2A) . Unique bands were present in the purified mtDNA lane, presumably because of the lack of competing nuclear DNA templates. In contrast, the bands present in all lanes most likely amplify from mitochondrial DNA sites that do not compete with nuclear DNA for PCR primers. The developed mitochondria-specific RAPD proved effective in revealing polymorphism between different Lycopersicon species. While most bands were common to all species, each had a unique RAPD profile, and the profiles were consistent from one preparation to another ( Figure  2B ). The method was effective in un- covering differences in mitochondrial genomes of Lycopersicon CMS plants, as compared to their cytoplasmic donor ( Figure 2C ).
This technique generates purified mtDNA from small amounts of flower tissue, which results in highly reproducible mitochondria-specific RAPD. It is useful for phylogenic studies based on mtDNA sequence divergence and for CMS studies. Because this method will allow the characterization of flowering plants without sacrificing the studied individuals, it can be applied in studies of rare genotypes in breeding programs as well as in studies of protected and endangered plant species in their native habitats. In addition, it yields high amounts of nuclear DNA-free mtDNA with lower amounts of DNase I compared to other published methods (1,4) and does not require the use of the poisonous DNase I inhibitor, NaF (4).
